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Abstract: [ Objective] This study aims to determine the activities of polyphenoloxidase (PPO) in the 
fruit fly Bactrocera tau (Walker) during various developmental stages. [ Methods] The PPO activity and 
kinetic properties in the Ist, 2nd and 3rd instar larva, pupa and adult were determined with 
spectrophotomethrical method using catechol as the substrate. [ Results] The PPO activities varied 
significantly during different developmental stages of B. tau. The enzyme activity in the 3rd instar larva 
was the highest (434.42 U/mg) and that in pupa was the lowest (231.05 U/mg). At pH 6.5, the 
enzyme activities in the 1st, 2nd and 3rd instar larva, pupa and adult were 265.42, 358.34, 444. 42, 
210.02 and 373.99 U/mg, respectively. However, PPO activities decreased dramatically at pH levels 
above 7.0 or below 5.0. At 34°C and 37°C, PPO activities stayed at a high level, while the enzyme 
activities significantly decreased at above 40°C or below 27°C. When catechol was used as the substrate , 
the measured Michaelis-Menten constant (K,,) and maximum velocity (V,,,,.) of PPO in 2nd instar larva 
were 3.10 mmol/min and 476.19 mmol/L, respectively; but those in pupa were 0.63 mmol/min and 
50.25mmol/L, respectively, indicating that the catalytic activity of PPO in 2nd instar larva to the 
substrate catechol was higher than that in pupa. When L-DOPA was used as the substrate, the measured 
K,, and V,_,, of PPO in the 3rd instar larva were 0.49 mmol/min and 188.68 mmol/L, respectively; in 


max 


contrast, the K, (0.25 mmol/min) and V „(21.79 mmol/L) of PPO in pupa were relatively lower. 
[ Conclusion] Our results indicate that the properties of PPO in B. tau at different temperature and pH 
values are closely associated with its developmental stage. 
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Polyphenol oxidases ( PPO), also known as 
tyrosinase in mammalian (Sugumaran, 2002) , are a 
group of copper-proteins widely distributed over the 
whole phylogenetic scale from bacteria to mammals 
(Mayer, 1987). Commonly, PPO catalyzes two 
distinct 


reactions. The first reaction is the 


hydroxylation of monophenols’ to  o-diphenols 
(monophenolase activity) and the second is the 
oxidation of o-diphenols to o-quinones ( diphenolase 
activity) which in turn are polymerized to brown, 
red or black pigments through a series of enzymatic 
and non-enzymatic reactions ( Garcia-Carmona et al., 
1988; Hernandez-Romero et al., 2005; Erat et al., 
2010). 


In insects, PPO is a key modulation enzyme 
during the growth and development, especially in the 


encapsulation (Kramer and Hopkins, 1987; Wang et 
al., 2004b; Christensen et al., 2005). Because of 
its significance in the darkening and hardening of 
cuticle, PPO has received much attention from 
researchers in the fields of insect physiology and 
biochemistry. Studies on characterization of kinetic 
properties of PPO have been focused on many 
agricultural insects, such as Sarcophage bullata 
(Chase et al., 2000) , Semiothisa cinerearia ( Liu et 
al., 2004), Plutella xylostella ( Wang et al., 
20044) , and Pieris rapae ( Xue et al., 2005). 
Bactrocera tau ( Walker) is a vegetable pest 
and is listed as a quarantine insect in many 
occurs in tropical and 
China, Japan, 
Thailand, Malaysia, Laos, Philippines, Cambodia, 


countries. This pest 


subtropical regions including 
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India, Bhutan, Indonesia, and Sri Lanka ( Drew and 
Romig, 1997; Baimai et al., 2000; Drew and 
Raghu, 2002 ). It 


pumpkin, towel gourd, white gourd, and bitter 


mainly infests cucumber, 
gourd, as well as other fruits and vegetables, and 
has caused enormous economic losses for fruit and 
vegetable growers ( Allwood et al., 1999; Liu et al., 
2001; Chinajariyawong et al., 2003). In order to 
prevent the damage, insecticides such as triazophos 
(Reddy, 1997) and pyrethroids ( Borah, 1997 ) 
have been used in cover sprays on cucurbit crops. 
However, the pesticide remnant has caused serious 
damage to the environment and harm to the human 
health. Therefore, it is of very important significance 
to develop novel chemical control agents especially 
some inhibitors with species-specific insecticides 
such as prophenoloxidase inhibitors. Recently, 
prophenoloxidase inhibitors including with stilbene- 
type oxyresveratrol and tannic acid have been 
discovered as depigmenting agents for the prevention 
of dermal melanogenesis in some insects (Solano et 
al., 2006), but no information is available on 
prophenoloxidase inhibitors from fruit flies. 

In the present study, we examined the activities 
of PPO from B. tau at different developmental stages 
under various pH and temperatures, and analyzed 


of PPO 


information will be useful in finding alternative insect 


the kinetic parameters reaction. This 
control agents involved in the formation of insect 
epidermis and in developing prophenoloxidase 


inhibitors for fruit flies. 


2 MATERIALS AND METHODS 


2.1 Insect samples 

Damaged gourds, mostly of the genus Cucumis , 
and some species of the genus Luffa, Benincasa, 
Momordica by B. tau, were collected from the field 
in June 2006 in Chongqing, China. Eggs and larvae 
in the damaged gourds were maintained in a rearing, 
box under natural light conditions. A mixture of 
300 — 500 female adults (20 d) from the above 
rearing box was transferred to a growth chamber 
containing fresh cucumber Cucumis sativus Linn that 
were similar in weight (50 — 100 g per gourd) to lay 
eges. Two days later, these gourds with eggs were 
maintained in the growth chamber at 28°C, RH 
80% +5% and photoperiod of 14L: 10D. Larvae 
from the above gourds were reared on the same diets , 
and 5 —8 cm depth soil layer was added to provide a 
pupation site for the mature larvae exiting these 
damaged gourds until the eclosion of adults. During 
the course of rearing, the Ist instar larvae (1 d), 


the 2nd instar larvae (4 d), the 3rd instar larvae 
(7 d), 2 day-old pupae and 2 day-old adults were 
collected and then frozen at —20°C immediately. 
2.2 Enzyme preparation 

Extraction of the PPO enzymes from B. tau was 
carried out according to the method described by 
( 1990 ) with 


of B. tau for each 


Sanches-Ferrer et al. some 


modifications. Samples 
experiment were initially washed in cooled ddH,O to 
contamination, and _ then 


eliminate surface 


homogenized in ice-cold sodium phosphate buffer 
(0.2 mol/L, pH 6.8). The ratio of the sample to 
sodium phosphate buffer was 1: 10 (g/mL). The 
crude homogenate was incubated for 30 min at 4°C 
and then centrifuged at 8 000 r/min for 30 min at 
4°C. The supernatant was collected and stored at 
—20°C. Before being assayed, the supernatant was 
diluted 10 times with the above buffer. 
2.3 Protein estimation 

The total protein content in supernatants was 
modified Bradford method 
( Bradford, 1976) using a Tecan Sunrise Microplate 


determined by the 


Reader (Tecan, Austria). The incubation mixture 
consisted of 0. 8 mL of phosphate buffer 
(0.2 mol/L, pH 6.8), 5.0 mL of Coomassie blue 
solution G-250 (0.0025% ) and 0.2 mL of enzyme 
solution. A total of 0.3 mL of the incubation mixture 
was transferred to the well of a 96-well microtiter 
plate, and then the absorbance at 595 nm was read 
at 25°C against a blank lacking protein and compared 
to a bovine serum albumin ( BSA) standard curve. 
The experiment was replicated 3 times using fresh 
supernatants each time. 
2.4 PPO activity assay 

The PPO activity was assayed 
spectrophotometrically as described by Benjamin and 
Montgomery ( 1973 ) using 4-methyl catechol as 
substrate. The assay mixture containing 1 mL of 0. 2 
mol/L sodium phosphate buffer (pH 6.8) and 1 mL 
of 0.01 mol/L catechol was incubated at 37°C for 5 
min and finally 0.2 mL of the enzyme extract was 
added to the cuvette. A total of 0. 3 mL of the 
reaction mixture was transferred to the well and 
changes in the absorbance at 415 nm were measured 
every 30 s up to 4 min depending on the reaction rate 
The blank sample 


contained only 0. 3 mL of substrate solution. All 


using the Microplate Reader. 


assays were performed in triplicate using fresh 
supernatants each time. One unit of the enzymatic 
activity was defined as a change in the absorbance 
value of 0.001 per min per mg protein. 
2.5 Effect of pH on PPO activity 

The reaction pH was adjusted from 5.0 to 8. 0 
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by using 0.2 mol/L acetate buffer (pH 5.0 -5.5) , 
and sodium phosphate buffer (pH 6.0 -8.0). The 
enzyme solution was pre-incubated in sodium 
phosphate buffer with different pH values for 1 h at 
37°C. Subsequently, PPO activity was measured by 
using 0.2 mol/L sodium phosphate buffers at 
different pH at 37°C, and the assay procedure is 
described in 2.4. All determinations were conducted 
3 times using fresh supernatants each time. 
2.6 Effect of temperature on PPO activity 

The enzyme solution in 0. 2 mol/L phosphate 
buffer at pH 6.8 was incubated at various 
temperatures (20°C, 27C, 34C, 377, 40T, 
45°C and 50°C ) for 1 h, and then rapidly cooled in 
an ice bath for 5 min. PPO activities of the above 
solutions were assayed using 0.01 mol/L catechol as 
the substrate, and the assay procedure is described 
as in 2. 4. The experiment was replicated thrice 
using fresh supernatants each time. 
2.7 Kinetic analysis of PPO 

Using catechol as the substrate, initial reaction 
rates of PPO activity were determined at seven 
different substrate concentrations (0.3125, 0. 625, 
1.25, 2.5, 5, 10 to 20 mmol/mL). The reaction 
was measured at 415 nm by the Microplate Reader 
and the Lineweaver-Burk plots were generated by 
plotting the reaction rates against substrate 
concentration (Chen and Kubo, 2002). Maximum 
velocity ( V,,,.) and Michaelis-Menten constant 
(K,) were determined from Lineweaver-Burk plot. 
At the same time, using L-DOPA as the substrate, 
the reaction was carried out at different substrate 
concentrations (0.1, 0.2, 0.4, 0.8, 1.6, 3.2 and 
6.4 mmol/L) and the absorbance changes were 
measured at 475 nm ( Wititsuwannakul et al., 
2002). Other procedures were the same as those 
using catechol as the substrate. 
2.8 Data statistics and analysis 

Statistical analysis was carried out with SPSS 
(version 12. 0). 
protein contents during various developmental stages 
and the PPO different pH and 
temperatures were determined using one-way analysis 
of variance ( ANOVA ) followed by Duncan’ s 
multiple range tests at the significant level of 0.05. 


Significant differences in the 


activities at 


3 RESULTS 


3.1 PPO activity 

The measured PPO activities from different 
developmental stages of B. tau were illustrated in 
Fig. 1. The PPO activities in the 1st, 2nd and 3rd 
instar larva, pupa and adult were 257. 82 + 6. 36, 


364.21 +8.21, 434.42 +10. 41, 231.05 +6. 39 
and 358.59 + 7.56 U/mg, respectively. As can be 
seen, the PPO activity continued to increase during 
the larval stage, and decreased dramatically in the 
pupal stage followed by a slight increase in the adult 
stage. 
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Fig. 1 The PPO activity of Bactrocera tau at 


different developmental stages 
1; 1st instar larva; 2; 2nd instar larva; 3; 3rd instar larva; 4; Pupa; 5: 
Adult. Bars with different letters are significantly different ( One-way 
ANOVA, P>0.05). 


3.2 Effect of pH on PPO activity 

The changes of the PPO activities at different 
pH ranging from 5.0 to 8.0 are shown in Fig. 2. 
This enzyme had the optimum activity at pH 6.5, 
and its activities decreased drastically at pH levels 
above 7.0 and below 5.0. The effect of pH on PPO 
activity varied at different developmental stages. 
Briefly, under a specific pH, the activity of PPO in 
the 3rd instar larva was the highest among all 
developmental stages; in contrast, the PPO activities 
in pupa and the Ist instar larva were relatively low 


(Fig. 2). 
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Fig. 2 Effect of pH on the PPO activity of Bactrocera tau 
at different developmental stages 


3.3 Effect of temperature on PPO activity 

PPO activities were measured at different 
temperatures varying from 20°C to 50°C. As shown 
in Fig. 3, the optimum temperature of PPO reaction 
was around 34 — 37°C, and significant decrease in 
activity was noticed at above 40°C and below 27. 
For the 3rd instar larva, the PPO activities decreased 
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by 62. 24% and 83. 39% at 20% and 50° 
respectively as compared with the initial activity. In 
contrast, for adult, the PPO activities decreased by 


68. 67% and 86. 83% at 20 and 50, 
respectively. 
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Fig. 3 Effect of temperature on the PPO activity of 
Bactrocera tau at different developmental stages 


3.4 The substrate specificity and kinetic parameter 
The kinetic parameters of PPO at different 


developmental stages of B. tau were determined 
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using catechol and L-DOPA as the substrates. Fig. 4 
and Fig. 5 represent the Lineweaver-Burk plots of 
PPO oxidation of catechol and L-DOPA at different 
stages of B. tau, and the insets show a relation 
between the concentration of the substrate and the 
reaction rate. When catechol was used as the 
substrate, the K, and V„„ values were 2. 9583 
mmol/min and 208. 3333 mmol/L for the 1st instar 
larva, 3.0952 mmol/min and 476. 1905 mmol/L for 
the 2nd instar larva, 2. 2758 mmol/min and 
344.8276 mmol/L for the 3rd instar larva, 0. 6332 
mmol/min and 50. 2513 mmol/L for pupa, and 
2.3158 mmol/min and 263.1579 mmol/L for adult, 
respectively. It indicated that the catalytic activity of 
PPO was the highest in the 2nd instar larva. When 
L-DOPA was used as the substrate, the K,, for adult 
and V „„ for the 3rd instar larva were higher than 
those for other stages, indicating that the PPO 
catalytic activities for the 3rd instar larva and adult 
reach the highest levels 
development (Table 1). 


during the insect 
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Fig. 4 The Lineweaver-Burk plots of PPO from Bactrocera tau at different stages for the oxidation of catechol 


A: 1st instar larva; B; 2nd instar larva; C; 3rd instar larva; D; Pupa; E; Adult. 
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Fig. 5 The Lineweaver-Burk plots of PPO from Bactrocera tau at different stages for the oxidation of L-DOPA 
A: 1st instar larva; B; 2nd instar larva; C; 3rd instar larva; D; Pupa; E; Adult. 


Table 1 The K,, and V„„ of PPO at different developmental stages of Bactrocera tau based on 
the oxidation of catechol and L-DOPA 


Catechol 
Developmental stage 
K,, (mmol/min ) V nax (mmol/L) 

1st instar larva 2.9583 208. 3333 
2nd instar larva 3.0952 476. 1905 
3rd instar larva 2.2758 344. 8276 
Pupa 0. 6332 50. 2513 

Adult 2.3158 263. 1579 


L-DOPA 
Vras Km K,,(mmol/min) V4, (mmol/L) Vian! Kp 
70. 4233 0.2651 33.5570 126. 5820 
153. 8480 0.4444 101.0101 227.2950 
151.5190 0. 4906 188. 6792 384. 5890 
79.3609 0. 2462 21.7865 88.4911 
113.6360 0. 5238 119.0476 227.2770 


4 DISCUSSION 


The inactive prophenoloxidase in insects was 
stored in the hemolymph and cuticle, and activated 
by some active substances at special developmental 
stages, especially in the molting process ( Chase et 
al., 2000; Wang, 2001). These active substances 
mainly contain secretions of the salivary gland, some 
certain lipids and proteins in cuticles. In the present 


study, we determined the PPO activities from B. tau 
during the whole larval, pupal and adult stages. 
PPO can catalyze the oxidation of certain 
phenolic substrates to o-quinones in the presence of 
molecular oxygen ( Fraignier et al., 1995; Kouakou 
et al., 2009). O-quinones formed by the PPO 
oxidative reaction are the initial products responsible 
for the hardening and darkening of the cuticle of 
insects. Generally, the PPO activity in insect 


hemolymph increases rapidly during metamorphosis. 
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The phenomenon was most probably due to the 
activators in the cuticle induced by molting hormone. 
This study showed that the PPO activity gradually 
increased during the larval stage, followed by a 
remarkable decrease during pupal period. To our 
knowledge, this is the first report of PPO activity 
from B. tau at different developmental stages. These 
results resemble those reported by Xue et al. 
(2004) , who found that P. rapae larvae have higher 
PPO activity than their pupae and adult 
counterparts. However, Shi et al. (2000) and Li et 
al. ( 1992 ) reported that the PPO activity of 
Anopheles stephensi and Aedes aegypti decreased with 
increasing instar number. Thus, the changes of PPO 
activities during different developmental stages may 
vary among different species. 

The optimum pH for PPO activity was found to 
vary in term of the enzyme sources and substrates 
( Aylward and Haisman, 1969). In general, most 
insects showed the maximum activities at near 
neutral pH values ( Zhou and Feng, 1991). Our 
results demonstrated that PPO from B. tau had the 
optimum pH of 6. 5 when using catechol as the 
substrate. It should be noted that Xue et al. (2004) 
reported an optimum pH of 7.0 for P. rapae with the 
same substrate. In addition, the PPO from larva 
showed the highest activity at 34°C and that from 
adult showed the highest activity at 37°C. This 
suggests that the optimum temperature for the PPO 
activity shows a certain increase during the transition 
from larva to pupa and adult. The outdoor fruit fly 
aestivates and hibernates as pupae and adults in 
relatively warm and dry places, an adverse situation 
that might be related to the active expression 
of PPO. 

The results presented in this work showed that 
there were important differences between the affinity 
of PPO to the substrate catechol and that to L- 
DOPA. When using catechol as the substrate, we 
found the K, and V,,, 


Xx 


values were higher, but the 
Vaa K,, ratio was lower than those when using L- 
DOPA as the substrate. It indicated that the catalytic 
function of PPO to catechol was stronger, but the 
affinity to catechol was weaker as compared to L- 
DOPA. Additionally, the K,, V,,,, and V,,,,/K,, were 
observed to be lower during the pupal stage compared 
to the other stages, most probably due to weaker 
metabolic activity. 

We also observed that the body color of this 
fruit fly showed a large change from larva to adult. 
Generally, larvae are yellow-white, yellow and dark 
yellow from primary hatching to full grown larvae, 
then transform into brown or dark pupae and adults. 


Erat et al. (2010) revealed that the reactive o- 
quinones formed by the catalytic function of PPO led 
to the formation of yellow, brown or black pigments 
by cross-linking structural proteins and chitins during, 
the discoloration of cuticle in insects. Therefore, the 
change of body color is probably associated with the 
altered PPO activities at different developmental 
stages of this fruit fly. 
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~ ( BW ) yd aN SIAR SCI Bactrocera tau (Walker) iA AC BT AA CE ESE. [TIED AA 

BARH, FE 415 nm BOR Piz TAR SCH 1, 2 #3 BRS. A BR ee i TE EA EB 
LR AER REE RRR ATES, ZWAR PE EB ee, WAY 3 PR Eig , W 434.42 U/mg; 
HABA, Ay 231.05 U/mg. Æ pH 6.5 WY, PILAR SHA AT BS A TS HE St all AY 265.42, 358. 34, 
444.42 , 210.02 #11 373.99 U/mg, E% pH EAT 7.0 REF 5.0 RT, SWARRE E ee FEU BE Oy 34°C 
FU 37°C, BAMA SHS AC BT Be CE ESB, SBE ey P40 BRT 27°C, ENA I FRE. A 
PEHARA , 2 Wea PEDRA K, (3.10 mmol/min) fil Vna (476. 19 mmol/L) BERK , WHE Be A CHEM 


RØRE 


BELSEJE; PER AALIEH K, (0.63 mmol/min) il V, (50.25 mmol/L) $8, BABA BALA Rt 


JO aR AD PERE I {LA L-DOPA NRAN, 3 BSR PEAR Ka EM Vna AKR, DAA 0. 49 
mmol/min #1] 188.68 mmol/L; 4 PARSLEY K, EA VAh, aA 0.25 mmol/min #7) 21.79 mmol/L, [2E] 
Pa FR SEB A 2 CE I] tit BEA pH E PEA FSS AA A TERK 

KEW: PRI, RAE; SHA; BE; DOSE 


RASS: Q965 RRRA: A 
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